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1
 
1
.
 Introd
u
ctio
n
 
 
In
 recent
 d
ecad
es
,
 it
 h
as
 b
eco
m
e
 evid
ent
 th
at
 end
oth
eliu
m
 is
 n
ot
 o
nly
 a
 stru
ctu
ral
 b
arrier
 
b
etw
een
 th
e
 
circulatio
n
 
and
 
su
rro
u
nding
 tissu
e
,
 b
ut
 
an
 
activ
e
 
auto
crin
e
,
 p
aracrin
e
 
and
 
end
o
crin
e
 o
rg
an
,
 w
hich
 is
 indisp
en
sable
 fo
r
 th
e
 m
ainten
an
ce
 of
 v
ascular
 h
o
m
eo
stasis
.
 U
nd
er
 
phy
siological
 co
nditio
n
s
,
 th
e
 end
oth
eliu
m
 p
rev
ents
 platelet
 and
 leuk
o
cyte
 adh
esio
n
,
 inhibits
 
sm
o
oth
 m
u
scle
 cell
 p
roliferatio
n
 and
 fav
o
rs
 fib
rin
oly
sis
.
 It
 is
 also
 k
n
o
w
n
 th
at
 end
oth
eliu
m
 
co
ntrib
utes
 to
 th
e
 reg
ulatio
n
 of
 blo
od
 flo
w
 and
 blo
od
 p
ressu
re
 by
 releasing
 v
asodilato
r
 [nitric
 
o
xid
e
 
–
 (N
O)
,
 p
ro
stacy
clin
 (PG
I2 )
 and
 end
oth
eliu
m
-d
eriv
ed
 hyp
erp
olarizing
 facto
r
 (ED
H
F)]
 
and
 
v
aso
co
n
stricto
r
 [end
oth
elin
-1
 (ET
-1)
,
 th
ro
m
b
o
x
an
e
 A
2
 (T
xA
2 )
 
and
 p
ro
staglandin
 F
2
α
 
(PG
F
2
α )]
 
sub
stan
ces
.
 In
 
co
ntrast
,
 
end
oth
elial
 dy
sfu
n
ctio
n
 is
 d
efin
ed
 by
 im
p
airm
ent
 
of
 
end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
,
 p
roth
ro
m
b
otic
 
activ
atio
n
 
of
 
end
oth
eliu
m
,
 h
eighten
ed
 
leuk
o
cyte
 adh
esio
n
,
 in
creased
 sm
o
oth
 m
u
scle
 cell
 p
roliferatio
n
 and
 in
creased
 p
rod
u
ctio
n
 of
 
sup
ero
xid
e
 anio
n
 (O
2
-)
.
 
 
A
ccu
m
ulated
 
d
ata
 
h
av
e
 
rev
ealed
 
th
at
 
m
ajo
r
 
cardio
v
ascular
 
diseases
,
 
su
ch
 
as
 
ath
ero
sclero
sis
,
 h
eart
 failu
re
,
 diab
etes
 
m
ellitu
s
 
and
 hyp
erten
sio
n
 
are
 
all
 
asso
ciated
 
w
ith
 
end
oth
elial
 dy
sfu
n
ctio
n
.
 Im
p
o
rtantly
,
 arterial
 end
oth
elial
 dy
sfu
n
ctio
n
 can
 b
e
 d
etected
 already
 
in
 th
e
 p
resen
ce
 
of
 
cardio
v
ascular
 
risk
 facto
rs
 p
rio
r
 to
 
any
 
m
o
rph
ological
 
ch
ang
es
 in
 th
e
 
v
ascular
 
w
all
.
 
Th
u
s
,
 
end
oth
elial
 
dy
sfu
n
ctio
n
 
is
 
an
 
im
p
o
rtant
 
and
 
early
 
step
 
in
 
th
e
 
p
ath
o
m
ech
anism
 of
 cardio
v
ascular
 diseases
.
 Interestingly
,
 it
 w
as
 rep
o
rted
 th
at
 co
rrectio
n
 of
 
th
ese
 
risk
 
facto
rs
 
m
ay
 
resto
re
 
th
e
 
im
p
airm
ent
 
of
 
end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
.
 
A
cco
rdingly
,
 th
e
 m
easu
rem
ent
 of
 end
oth
eliu
m
-d
ep
end
ent
 relax
atio
n
 m
ay
 rep
resent
 a
 sp
ecific
 
b
aro
m
eter
 of
 cardio
v
ascular
 risk
 and
 th
e
 an
aly
sis
 of
 th
e
 ph
en
otyp
e
 of
 end
oth
elial
 dy
sfu
n
ctio
n
 
m
ay
 h
av
e
 p
rev
entiv
e
,
 diag
n
o
stic
,
 p
rog
n
o
stic
 and
 th
erap
eutic
 sig
nifican
ce
.
 
 
In
 clinical
 p
ractice
 end
oth
elial
 fu
n
ctio
n
 is
 alm
o
st
 ex
clu
siv
ely
 m
easu
red
 as
 a
 d
ecrease
 in
 
stim
ulated
 (by
 ph
arm
acological
 
ag
o
nists
 
o
r
 in
creased
 blo
od
 flo
w)
 N
O
-m
ediated
 
v
ascular
 
dilatatio
n
.
 H
o
w
ev
er
,
 th
e
 ph
en
otyp
e
 of
 end
oth
elial
 dy
sfu
n
ctio
n
 in
 cardio
v
ascular
 diseases
 m
ay
 
in
v
olv
e
 
n
ot
 
o
nly
 th
e
 im
p
airm
ent
 
of
 
stim
ulated
 N
O
-d
ep
end
ent
 
v
asodilatio
n
,
 b
ut
 
also
 th
e
 
im
p
airm
ent
 of
 b
asal
 N
O
 release
 and
 red
u
ced
 N
O
 sen
sitivity
 of
 SM
C
s
.
 M
o
reo
v
er
,
 it
 is
 k
n
o
w
n
 
th
at
 
end
oth
eliu
m
 p
rod
u
ces
 
n
ot
 
o
nly
 N
O
,
 b
ut
 
oth
er
 
v
asodilato
r
 
sub
stan
ces
,
 th
erefo
re
 it
 is
 
plau
sible
 th
at
 
red
u
ced
 PG
I2
 
and
 ED
H
F
 
activity
 
m
ay
 
co
ntrib
ute
 to
 th
e
 d
ev
elop
m
ent
 
of
 
end
oth
elial
 
dy
sfu
n
ctio
n
.
 
C
o
n
seq
u
ently
,
 
th
e
 
co
m
p
reh
en
siv
e
 
an
aly
sis
 
of
 
stim
ulated
 
N
O
-m
ediated
 v
asodilatio
n
,
 b
asal
 N
O
 p
rod
u
ctio
n
 and
 th
e
 assessm
ent
 of
 PG
I2
-
 and
 ED
H
F
-
 
2
 
m
ediated
 relax
atio
n
 seem
s
 m
o
re
 reliable
 to
 diag
n
o
se
 end
oth
elial
 dy
sfu
n
ctio
n
 in
 cardio
v
ascular
 
diseases
.
 
Th
ere
 are
 accu
m
ulating
 d
ata
 sugg
esting
 th
at
 activ
ated
 platelets
 are
 im
p
o
rtant
 play
ers
 in
 
th
e
 initiatio
n
 and
 p
rog
ressio
n
 of
 ath
ero
sclero
sis
.
 It
 h
as
 b
een
 rep
o
rted
 th
at
 activ
ated
 platelets
 
m
ay
 ind
u
ce
 
end
oth
elial
 inflam
m
atio
n
 leading
 
to
 
th
e
 
acceleratio
n
 
of
 
th
e
 
ath
ero
sclerotic
 
p
ro
cess
.
 S
u
rp
risingly
,
 o
u
r
 k
n
o
w
ledg
e
 ab
o
ut
 th
e
 effects
 antiplatelet
 d
rug
s
,
 su
ch
 as
 aspirin
 and
 
thien
opy
ridin
es
,
 
o
n
 
ath
erog
en
esis
 
and
 
v
ascular
 
fu
n
ctio
n
 
is
 
lim
ited
 
and
 
so
m
etim
es
 
co
ntradicto
ry
.
 Ind
eed
,
 it
 w
as
 rep
o
rted
 th
at
 aspirin
 at
 a
 d
o
se
 th
at
 selectiv
ely
 inhibits
 CO
X
-1
 in
 
plateletes
 blu
nt
 platelet
 activ
atio
n
,
 v
ascular
 inflam
m
atio
n
 and
 p
rog
ressio
n
 of
 ath
ero
sclero
sis
 
in
 LD
LR
-/
-,
 b
ut
 
n
ot
 in
 
ap
oE
-/
-
 
m
ice
.
 F
u
rth
erm
o
re
,
 it
 is
 
still
 
n
ot
 k
n
o
w
n
 
w
h
eth
er
 
th
e
 
thien
opy
ridin
e
 ticlopidin
e
,
 
an
 
antag
o
nist
 
of
 th
e
 P2Y
12
 
subtyp
e
 
of
 th
e
 A
D
P
 
recepto
r
 in
 
platelets
,
 yield
 p
rotectio
n
 ag
ain
st
 th
e
 p
rog
ressio
n
 of
 ath
ero
sclero
sis
 in
 g
en
e
-targ
eted
 m
ice
 
m
od
el
 of
 ath
ero
sclero
sis
.
 
 
 2
.
 M
ajo
r
 exp
erim
ental
 g
o
als
 
 
Th
e
 m
ajo
r
 aim
 of
 this
 w
o
rk
 w
as
 to
 an
aly
ze
 th
e
 role
 of
 v
asodilato
r
 m
ediato
rs
 (N
O
,
 PG
I2
 
and
 ED
H
F)
 in
 end
oth
elial
 dy
sfu
n
cio
n
 in
 anim
al
 m
od
els
 of
 ath
ero
sclero
sis
,
 h
eart
 failu
re
 and
 
diab
etes
 m
ellitu
s
.
 F
o
r
 th
at
 p
u
rp
o
se
 w
e
 
 
1
.
 
in
v
estig
ated
 
th
e
 
p
rog
ressio
n
 
of
 
end
oth
elial
 
dy
sfu
n
ctio
n
 
in
 
ao
rta
 
alo
ng
 
th
e
 
d
ev
elop
m
ent
 of
 ath
ero
sclerotic
 plaq
u
es
 in
 ap
oE/LD
LR
-/
-
 m
ice;
 
 
2
.
 
ex
am
in
ed
 th
e
 
effect
 
of
 ticlopidin
e
 
o
n
 th
e
 p
rog
ressio
n
 
of
 
ath
ero
sclero
sis
 
and
 
end
oth
elial
 fu
n
ctio
n
 in
 ap
oE/LD
LR
-/
-
 m
ice;
 
3
.
 
in
v
estig
ated
 th
e
 ph
en
otyp
e
 of
 end
oth
elial
 dy
sfu
n
ctio
n
 in
 th
e
 th
o
racic
 ao
rta
 in
 rats
 
at
 th
e
 early
 and
 late
 ph
ase
 follo
w
ing
 co
ro
n
ary
 lig
atio
n
 in
 p
articular
 in
 relatio
n
 to
 
g
end
er;
 
 
4
.
 
an
aly
zed
 th
e
 d
ev
elop
m
ent
 of
 end
oth
elial
 dy
sfu
n
ctio
n
 in
 th
e
 ao
rta
 in
 strepto
zoto
cin
-
ind
u
ced
 diab
etic
 rats
.
 
 
 3
.
 M
eth
od
s
 
 3
.1
.
 A
nim
als
 
 
A
nim
al
 m
od
el
 of
 ath
ero
sclero
sis
 
 
2
-
,
 4
-
,
 6
-
 and
 8
-m
o
nth
-old
 fem
ale
 ap
oE/LD
LR
-/
-
 (n
=33)
 and
 ag
e
-m
atch
ed
 C57B
L/6J
 
m
ice
 (n
=20)
 k
ept
 o
n
 stand
ard
 ch
o
w
 diet
 w
ere
 u
sed
 to
 in
v
estig
ate
 th
e
 relativ
e
 co
ntrib
utio
n
 of
 
N
O
-
,
 PG
I2
-
 and
 ED
H
F
-p
ath
w
ay
s
 to
 end
oth
eliu
m
-d
ep
end
ent
 relax
atio
n
 in
 th
e
 th
o
racic
 ao
rta
.
 
 
 
3
 
A
t
 th
e
 ag
e
 of
 8
 w
eek
s
 fem
ale
 ap
oE/LD
LR
-/
-
 m
ice
 w
ere
 p
ut
 o
n
 a
 W
estern
 diet
 (co
n
sisting
 
of
 21%
 fat
 by
 w
eight
,
 0
.15%
 ch
olesterol
 by
 w
eight
 and
 n
o
 ch
olic
 acid)
 fo
r
 4
 m
o
nth
s
.
 20
 m
ice
 
w
ere
 rand
o
m
ly
 allo
cated
 to
 tw
o
 g
ro
up
s:
 o
n
e
 receiving
 W
estern
 diet
 alo
n
e
,
 th
e
 oth
er
 receiving
 
th
e
 sam
e
 diet
 m
ix
ed
 w
ith
 ticlopidin
e
 to
 yield
 a
 d
o
se
 of
 90
 m
g/kg/d
ay
.
 V
ascular
 fu
n
ctio
n
 w
as
 
in
v
estig
ated
 in
 th
e
 th
o
racic
 ao
rta
 fro
m
 6
-m
o
nth
-old
 m
ice
.
 
 
 
A
nim
al
 m
od
el
 of
 h
ea
rt
 failu
re
 
S
ev
en
 and
 42
 d
ay
s
 after
 co
ro
n
ary
 lig
atio
n
 m
ale
 (n
=9)
 and
 fem
ale
 (n
=8)
 Sp
rag
u
e
-D
aw
ley
 
rats
 w
ere
 u
sed
 to
 an
aly
ze
 th
e
 alteratio
n
s
 in
 N
O
-
,
 PG
I2
-
 and
 ED
H
F
-d
ep
end
ent
 end
oth
elial
 
fu
n
ctio
n
 in
 th
e
 th
o
racic
 ao
rta
.
 Sh
am
 op
erated
 (8
 m
ale
 and
 7
 fem
ale)
 rats
 u
nd
erw
ent
 th
e
 sam
e
 
su
rgical
 p
ro
ced
u
re
,
 ex
cept
 co
ro
n
ary
 lig
atio
n
.
 
 
A
nim
al
 m
od
el
 of
 diab
etes
 m
ellitu
s
 
M
ale
 Sp
rag
u
e
-D
aw
ley
 rats
 w
ere
 rand
o
m
ly
 divid
ed
 into
 to
 g
ro
up
s:
 diab
etic
 g
ro
up
 (n
=16)
 
receiving
 a
 single
 iv
 injectio
n
 of
 strepto
zoto
cin
 (65
 m
g/kg
 b
ody
 w
eight)
,
 th
e
 co
ntrol
 g
ro
up
 
(n
=16)
 receiving
 v
ehicle
 (sodiu
m
 citrate)
.
 W
e
 an
aly
zed
 diab
etes
-ind
u
ced
 alteratio
n
s
 in
 N
O
-
,
 
PG
I2
-
 and
 ED
H
F
-d
ep
end
ent
 relax
atio
n
 in
 th
e
 ao
rta
 4
 and
 8
 w
eek
s
 after
 th
e
 injectio
n
.
 
 
 3
.2
.
 M
od
el
 q
u
a
ntificatio
n
s
 
 
A
th
ero
sclero
sis
 
T
otal
 ch
olesterol
,
 H
D
L
,
 LD
L
 and
 trigly
cerid
es
 w
ere
 assay
ed
 after
 fasting
 fo
r
 8
 h
o
u
rs
 in
 
ap
oE/LD
LR
-/
-
 m
ice
 u
sing
 co
m
m
ercially
 av
ailable
 kits
.
 W
e
 q
u
antified
 th
e
 area
 co
v
ered
 by
 
ath
ero
sclerotic
 lesio
n
s
 in
 th
e
 ao
rtic
 ro
ot
 (cro
ss
 sectio
n
 an
aly
sis)
 and
 in
 th
e
 w
h
ole
 d
escending
 
ao
rta
 (en
 face
 an
aly
sis)
.
 
 
 
H
ea
rt
 failu
re
 
B
efo
re
 th
e
 
co
ro
n
ary
 
artery
 lig
atio
n
 
and
 42
 d
ay
s
 
after
 
m
y
o
cardial
 infarctio
n
 in
 
vivo
 
tran
sth
o
racic
 ech
o
cardiog
raphy
 w
as
 u
sed
 to
 d
eterm
in
e
 fractio
n
al
 sh
o
rtening
.
 S
ev
en
 o
r
 42
 d
ay
s
 
after
 co
ro
n
ary
 lig
atio
n
 th
e
 h
eart
 w
as
 rapidly
 rem
o
v
ed
,
 blotted
 d
ry
 and
 th
e
 total
 h
eart
 w
eight
,
 
right
 v
entricule
,
 left
 v
entricle
 (LV)
 and
 th
e
 infarcted
 regio
n
 w
as
 w
eigh
ed
.
 Infarct
-size
 w
as
 
exp
ressed
 as
 th
e
 ratio
 of
 th
e
 infarct
 regio
n
 to
 total
 LV
 m
ass
.
 Im
p
o
rtantly
,
 anim
als
 w
ith
 an
 
infarct
 size
 m
o
re
 th
an
 30%
 of
 LV
 w
ere
 u
sed
 fo
r
 th
e
 exp
erim
ents
.
 
 
 
D
iab
etes
 m
ellitu
s
 
 
F
o
u
r
 o
r
 8
 w
eek
s
 after
 strepto
zoto
cin
 injectio
n
,
 plasm
a
 glu
co
se
 and
 H
bA
1
c
 lev
els
 w
ere
 
d
eterm
in
ed
 
after
 8
 h
o
u
rs
 
of
 fasting
.
 F
u
rth
erm
o
re
,
 th
e
 d
ev
elop
m
ent
 
of
 diab
etic
 
state
 
w
as
 
v
alid
ated
 by
 b
ody
 w
eight
 m
easu
rem
ent
 and
 24
-h
o
u
r
 u
rin
e
 collectio
n
.
 
 
 
4
 
 3
.3
.
 A
n
aly
sis
 of
 eico
sa
n
oid
s
 in
 a
o
rtic
 ring
s
 
 
D
eterm
in
atio
n
 of
 b
a
sal
 p
ro
sta
cyclin
 p
rod
u
ctio
n
 by
 enzym
e
 im
m
u
n
o
a
ssay
 
P
ro
stacy
clin
 
released
 fro
m
 th
e
 
ao
rtic
 tissu
e
 
w
as
 d
eterm
in
ed
 
as
 its
 
stable
 
m
etab
olite
 
6
-k
eto
-PG
F
1
α
.
 Th
e
 ao
rtic
 ring
s
 w
ere
 in
cub
ated
 in
 K
reb
s
-H
en
seleit
 solutio
n
 and
 th
e
 sam
ples
 of
 
sup
ern
atant
 w
ere
 collected
 after
 30
 m
in
 of
 in
cub
atio
n
.
 PG
I2
 p
rod
u
ctio
n
 w
as
 exp
ressed
 as
 
pg/m
g
 of
 d
ry
 w
eight
 of
 th
e
 ao
rtic
 ring
s
.
 Th
e
 en
zy
m
atic
 so
u
rce
 of
 PG
I2
 w
as
 an
aly
zed
 by
 n
o
n
-
selectiv
e
 CO
X
 o
r
 selectiv
e
 CO
X
-2
 inhibito
rs
 su
ch
 as
 ind
o
m
eth
acin
 o
r
 rofeco
xib
,
 resp
ectiv
ely
.
 
 
 
D
eterm
in
atio
n
 of
 eico
sa
n
oid
 p
rod
u
ctio
n
 by
 1
-[ 14C]
-a
ra
chid
o
nic
 a
cid
 
A
o
rtic
 ring
s
 (15
 m
g
 w
et
 w
eight/in
 each
 sam
ple)
 w
ere
 p
rein
cub
ated
 at
 37
 oC
 fo
r
 10
 m
in
 
in
 1
 m
l
 M
ediu
m
 199
 tissu
e
 cultu
re
.
 Th
e
 en
zy
m
e
 reactio
n
 w
as
 started
 by
 th
e
 introd
u
ctio
n
 of
 
tracer
 sub
strate
,
 1
-[ 14C]
-arachid
o
nic
 acid
 (3
.7
 kBq
,
 0
.172
 p
m
ol)
,
 into
 th
e
 in
cub
atio
n
 m
ixtu
re
.
 
Thirty
 m
in
utes
 later
,
 th
e
 en
zy
m
e
 reactio
n
 w
as
 stopp
ed
 and
 th
e
 sam
ples
 w
ere
 th
en
 extracted
 
w
ith
 ethyl
 acetate
 (2
 x
 3
 m
l)
 and
 th
e
 o
rg
anic
 ph
ases
 w
ere
 p
o
oled
 and
 ev
ap
o
rated
 to
 d
ry
n
ess
 
u
nd
er
 nitrog
en
.
 Th
e
 resid
u
es
 w
ere
 reco
n
stituted
 in
 2
 x
 100
 µl
 ethyl
 acetate
 and
 q
u
antitativ
ely
 
applied
 to
 silica
 g
el
 G
 thin
-lay
er
 plates
.
 E
ach
 3
-m
m
 b
and
 of
 th
e
 ch
ro
m
atog
ram
s
 w
as
 th
en
 
scrap
ed
 
off
 
and
 
th
e
 
radio
activity
 
w
as
 
d
eterm
in
ed
 
by
 
liq
uid
 
scintillatio
n
 
an
aly
zer
.
 
R
adio
activity
 w
as
 exp
ressed
 in
 disinteg
ratio
n
s
 p
er
 m
in
ute
 (dp
m)
.
 Th
e
 radiolab
eled
 p
rod
u
cts
 
of
 arachid
o
nic
 acid
 w
ere
 id
entified
 w
ith
 u
nlab
eled
 auth
entic
 stand
ard
s
,
 w
hich
 w
ere
 d
etected
 
by
 anisald
ehyd
e
 reag
ent
.
 P
ro
stacy
clin
 and
 T
xA
2
 w
ere
 d
eterm
in
ed
 as
 th
eir
 stable
 m
etab
olites
 
(6
-k
eto
-PG
F
1
α
 and
 T
xB
2
,
 resp
ectiv
ely)
.
 
 
 3
.4
.
 P
roto
col
 of
 exp
erim
ents
 in
 isolated
 a
o
rtic
 ring
s
 
 
F
ollo
w
ing
 
sacrifice
,
 th
e
 d
escending
 th
o
racic
 
ao
rta
 
w
as
 q
uickly
 
rem
o
v
ed
,
 
and
 
after
 
w
ashing
 w
ith
 ice
-cold
 salin
e
 it
 w
as
 placed
 in
 cold
,
 freshly
-p
rep
ared
 K
reb
s
–H
ein
seleit
 b
uffer
 
of
 th
e
 follo
w
ing
 
co
m
p
o
sitio
n
 (in
 
m
m
ol/l):
 N
aCl
 118
,
 K
Cl
 4
.7
,
 C
aCl2
 2
.5
,
 M
gSO
4
 1
.2
,
 
N
aH
CO
3
 25
,
 K
H
2 PO
4
 1
.2
,
 glu
co
se
 10
 and
 ED
TA
 0
.03
 (m
o
u
se)
 o
r
 0
.5
 (rat)
.
 A
fter
 rem
o
v
al
 of
 
co
n
n
ectiv
e
 tissu
e
,
 th
e
 ao
rta
 w
as
 cut
 into
 3
 (m
o
u
se)
 o
r
 6
 (rat)
 ring
s
,
 each
 app
ro
xim
ately
 3
 m
m
 
in
 length
.
 Th
e
 ring
s
 w
ere
 set
 up
 in
 o
rg
an
 b
ath
s
 and
 p
erfu
sed
 w
ith
 K
reb
s
-H
ein
seleit
 solutio
n
 at
 
37
°C
,
 pH
 7
.4
 th
at
 
w
as
 
co
ntin
u
o
u
sly
 b
ubbled
 
w
ith
 95%
 O
2 /5%
 CO
2
 
m
ixtu
re
.
 A
fter
 1
-h
 
eq
uilib
ratio
n
 u
nd
er
 a
 resting
 ten
sio
n
 of
 0
.75
 g
 (m
o
u
se
 ao
rta)
 o
r
 4
 g
 (rat
 ao
rta)
,
 viability
 of
 th
e
 
v
essels
 
w
as
 
v
erified
 as
 th
e
 
m
ag
nitud
e
 of
 
v
aso
co
n
strictio
n
 ind
u
ced
 by
 p
otassiu
m
 chlo
rid
e
 
(K
Cl
,
 30
 o
r
 60
 m
M
 fo
r
 m
ice
 o
r
 rat
 ao
rtic
 ring
s
,
 resp
ectiv
ely)
.
 
 
 
5
 
NO
-d
ep
end
ent
 rela
xatio
n
 
A
o
rtic
 ring
s
 w
ere
 p
reco
ntracted
 w
ith
 ph
enyleph
rin
e
 (Ph
e
,
 5
x10
-8
 to
 2
x10
-7
 M
)
 and
 after
 
reaching
 a
 stable
 plateau
 ph
ase
,
 acetylch
olin
e
 (A
ch
,
 10
-9
 to
 10
-5
 M
)
 w
as
 add
ed
 cu
m
ulativ
ely
.
 
 
Th
e
 
end
oth
eliu
m
-ind
ep
end
ent
 
v
aso
relax
atio
n
 
w
as
 
ev
ok
ed
 by
 
sodiu
m
 
nitrop
ru
ssid
e
 
(N
aN
P
,
 10
-9
 to
 10
-5
 M
)
 o
r
 S
-nitro
so
-N
-acetylp
enicillam
in
e
 (SN
A
P
,
 10
−9
 to
 10
−6
 M
)
.
 B
asal
 N
O
 
p
rod
u
ctio
n
 w
as
 assessed
 o
n
 m
ildly
 p
reco
n
stricted
 ring
s
 (20%
 of
 K
Cl
-ind
u
ced
 co
ntractio
n)
 o
n
 
th
e
 b
asis
 of
 co
ntractio
n
 ind
u
ced
 by
 th
e
 nitric
 o
xid
e
 sy
nth
ase
 inhibito
r
 N
ω
-nitro
-L
-arginin
e
 
m
ethyl
 ester
 (L
-N
A
M
E
,
 300
 µM
,
 15
 m
in)
.
 
 
 
CO
X
-d
ep
end
e
nt
 end
oth
elial
 fu
n
ctio
n
 
In
 so
m
e
 exp
erim
ents
,
 n
o
n
-selectiv
e
 CO
X
 o
r
 selectiv
e
 CO
X
-2
 inhibito
rs
 (ind
o
m
eth
acin
 
1
-5
 µM
 o
r
 rofeco
xib
 1
-5
 µM
,
 resp
ectiv
ely)
 w
ere
 u
sed
 to
 test
 th
e
 in
v
olv
em
ent
 of
 CO
X
 in
 
A
ch
-ind
u
ced
 v
asodilatio
n
.
 
 
 
ED
H
F
-d
ep
end
ent
 rela
xatio
n
 
ED
H
F
 co
m
p
o
n
ent
 of
 A
ch
-ind
u
ced
 relax
atio
n
 w
as
 assessed
 after
 co
m
bin
ed
 in
cub
atio
n
 
w
ith
 
L
-N
A
M
E
 
and
 
ind
o
m
eth
acin
.
 
Th
e
 
m
ech
anism
 
of
 
th
e
 
rem
aining
 
CO
X
-
 
and
 
N
O
S
-ind
ep
end
ent
 v
asodilatio
n
 w
as
 an
aly
zed
 by
 p
re
-treatm
ent
 w
ith
 th
e
 K
+
 ch
an
n
el
 blo
ck
er
 
tetraethylam
m
o
niu
m
 
chlo
rid
e
 (TEA
,
 10
 
m
M
,
 10
 
m
in)
 
o
r
 
ep
o
xyg
en
ase
 
sy
nth
esis
 inhibito
r
 
m
ico
n
azole
 (M
ICO
,
 10
 µM
,
 10
 m
in)
.
 
 3
.5
.
 Statistical
 a
n
aly
sis
 
 
V
asodilato
r
 resp
o
n
ses
 are
 exp
ressed
 as
 a
 p
ercentag
e
 of
 Ph
e
-ind
u
ced
 p
reco
n
strictio
n
.
 A
ll
 
results
 are
 exp
ressed
 as
 m
ean
 ±
 SEM
.
 Th
e
 sig
nifican
ce
 of
 differen
ces
 b
etw
een
 tw
o
 g
ro
up
s
 
w
as
 establish
ed
 by
 Stud
ent
’s
 t
-test
.
 C
o
m
p
ariso
n
 of
 m
ean
s
 b
etw
een
 m
o
re
 th
an
 tw
o
 g
ro
up
s
 w
as
 
assessed
 by
 A
N
O
V
A
 follo
w
ed
 by
 S
ch
effe
 test
 o
r
 K
ru
sk
al
-W
allis
 test
,
 fo
r
 n
o
rm
ally
 and
 n
o
n
-
n
o
rm
ally
 distrib
uted
 d
ata
,
 resp
ectiv
ely
.
 
 
Sig
nificant
 differen
ces
 b
etw
een
 th
e
 v
asodilato
r
 and
 v
aso
co
n
stricto
r
 CO
X
 m
etab
olites
 
w
as
 establish
ed
 by
 m
odified
 Stud
ent
 t
 test
.
 p<0
.05
 w
as
 co
n
sid
ered
 statistically
 sig
nificant
.
 
 
 4
.
 R
esults
 
 4
.1
.
 A
th
ero
sclero
sis
 
 
P
rog
ressio
n
 of
 ath
ero
sclero
sis
 in
 th
e
 a
o
rta
 of
 ap
oE/LD
LR
-/
-
 m
ice
 
Th
e
 total
 ch
olesterol
 (21
.72±0
.61
 and
 1
.76±0
.06
 m
m
ol/l
 fo
r
 2
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 
and
 
co
ntrol
 
m
ice
,
 
resp
ectiv
ely)
,
 LD
L
-ch
olesterol
 (15
.66±1
.03
 
and
 0
.65±0
.3
 
m
m
ol/l
 fo
r
 
2
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 and
 co
ntrol
 m
ice
,
 resp
ectiv
ely)
 and
 H
D
L
-ch
olesterol
 (3
.37±0
.18
 
 
6
 
and
 1
.24±0
.4
 m
m
ol/l
 fo
r
 2
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 and
 co
ntrol
 m
ice
,
 resp
ectiv
ely)
 lev
els
 
w
ere
 already
 elev
ated
 in
 2
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 m
ice
 and
 rem
ain
ed
 app
ro
xim
ately
 at
 th
e
 
sam
e
 lev
el
 in
 4
-
,
 6
-
 and
 8
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 m
ice
.
 
 
A
th
ero
sclerotic
 plaq
u
es
 
w
ere
 
n
early
 
ab
sent
 in
 2
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 
irresp
ectiv
e
 if
 
w
e
 
m
easu
red
 in
 th
e
 
w
h
ole
 ao
rta
 (en
-face)
 o
r
 in
 ao
rtic
 
ro
ot
 (cro
ss
-sectio
n)
 
(0
.64±0
.1
 %
 and
 0
.13±0
.07
 10
5
 µ
m
2
 fo
r
 en
-face
 and
 cro
ss
 sectio
n
 an
aly
sis
,
 resp
ectiv
ely)
.
 
H
o
w
ev
er
,
 in
 4
-
,
 6
-
 
and
 8
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 tim
e
-co
u
rse
 
of
 p
rog
ressio
n
 
of
 
ath
ero
sclero
sis
 w
as
 fo
u
nd
 by
 en
-face
 an
aly
sis
 (6
.96±1
.3
,
 15
.1±1
.29
 and
 23
.73±0
.95
 %
 of
 
ao
rta
,
 resp
ectiv
ely)
 and
 cro
ss
-sectio
n
 an
aly
sis
 (3
.0±0
.14
,
 5
.99±0
.42
 and
 8
.03±1
.39
 10
5
 µ
m
2
,
 
resp
ectiv
ely)
.
 
 
 
V
a
scula
r
 fu
n
ctio
n
 in
 th
e
 a
o
rta
 in
 ap
oE/LD
LR
-/
-
 m
ice
 
E
nd
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
 w
as
 already
 im
p
aired
 in
 th
e
 ao
rta
 in
 2
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 
and
 
rem
ain
ed
 im
p
aired
 in
 
old
er
 
anim
als
 (A
ch
 10
-6
 M
:
 82
.37±3
.2%
,
 
89
.2±3
.64%
,
 77
.83±3
.33%
,
 72
.2±3
.1%
 fo
r
 2
-
,
 4
-
,
 6
-
 and
 8
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 m
ice
,
 
resp
ectiv
ely)
 as
 co
m
p
ared
 to
 ag
e
-m
atch
ed
 co
ntrols
 (A
ch
 10
-6
 M
:
 101
.03±6
.09%
,
 96
.13±2
.36%
 
and
 108
.87±3
.97%
 fo
r
 2
-
,
 4
-
 and
 6
-m
o
nth
-old
 C57B
L/6J
 m
ice
,
 resp
ectiv
ely)
.
 Th
e
 SN
A
P
-
ind
u
ced
 end
oth
eliu
m
-ind
ep
end
ent
 relax
atio
n
s
 w
ere
 id
entical
 in
 2
-6
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 
m
ice
 
and
 
m
axim
al
 
relax
atio
n
s
 (10
-6
 M
)
 
reach
ed
 
app
ro
xim
ately
 100
 %
 (90
.55±3
.66%
,
 
97
.32±2
.94%
 and
 105
.8±2
.77%
 fo
r
 2
-
,
 4
-
 and
 6
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 m
ice
,
 resp
ectiv
ely)
.
 
In
 
co
ntrast
,
 
th
e
 
end
oth
eliu
m
-ind
ep
end
ent
 
relax
atio
n
 
w
as
 
d
ecreased
 
in
 
8
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 m
ice
 (SN
A
P
 10
-6
 M
:
 82
.03±2
.79%)
.
 B
asal
 N
O
 p
rod
u
ctio
n
,
 d
eterm
in
ed
 as
 th
e
 
m
ag
nitud
e
 
of
 L
-N
A
M
E
-ind
u
ced
 
v
aso
co
n
strictio
n
 
w
as
 dim
inish
ed
 in
 2
-
 
and
 4
-m
o
nth
s
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 (16
.66±5
.3%
 
and
 17
.63±8
.62%
,
 
resp
ectiv
ely)
 
as
 
co
m
p
ared
 
to
 
ag
e
-
m
atch
ed
 w
ild
-typ
e
 anim
als
 (31
.98±3
.05
 and
 33
.32±8
.17%
,
 resp
ectiv
ely)
,
 w
h
ereas
 in
 6
-
 and
 
8
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 
it
 
w
as
 
resto
red
 
(33
.79±4
.13%
 
and
 
37
.8±4
.12%
,
 
resp
ectiv
ely)
.
 
 
Th
e
 p
rein
cub
atio
n
 
w
ith
 ind
o
m
eth
acin
 (5
 µM
)
 did
 
n
ot
 
m
odify
 
th
e
 
m
ag
nitud
e
 
of
 
A
ch
-ind
u
ced
 relax
atio
n
 in
 eith
er
 co
ntrol
 o
r
 ap
oE/LD
LR
-/
-
 
m
ice
.
 H
o
w
ev
er
,
 th
e
 b
asal
 PG
I2
 
p
rod
u
ctio
n
 
of
 
ao
rta
 
w
as
 g
rad
u
ally
 in
creased
 
alo
ng
 to
 th
e
 p
rog
ressio
n
 
of
 
ath
ero
sclero
sis
 
(448
.1±160
.1
,
 1437
.1±439
.9
,
 1938
.9±307
.3
 and
 1866
.7±404
.8
 fo
r
 1
-
,
 2
-
,
 4
-
 and
 6
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 m
ice
,
 resp
ectiv
ely)
.
 
 
In
 ap
oE/LD
LR
-/
-
 m
ice
 th
e
 ED
H
F
-d
ep
end
ent
 
relax
atio
n
,
 as
 assessed
 by
 A
ch
 in
 th
e
 
p
resen
ce
 of
 ind
o
m
eth
acin
 and
 L
-N
A
M
E
 w
as
 g
rad
u
ally
 up
-reg
ulated
 in
 th
e
 ao
rta
 starting
 fro
m
 
 
7
 
th
e
 
2
-m
o
nth
-old
 
m
ice
 (A
ch
 
10
-6
 
M
:
 
16
.87±4
.55%
,
 
40
.61±11
.84%
,
 
33
.03±4
.74%
 
and
 
32
.92±2
.72%
 fo
r
 2
-
,
 4
-
,
 6
-
 and
 8
-m
o
nth
-old
 ap
oE/LD
LR
-/
-
 m
ice
,
 resp
ectiv
ely)
 as
 co
m
p
ared
 to
 
co
ntrol
 
anim
als
 (A
ch
 10
-6
 M
:
 5
.79±3
.71%
,
 6
.57±4
.18%
 
and
 4
.74±2
.45%
 fo
r
 2
-
,
 4
-
 
and
 
6
-m
o
nth
-old
 w
ild
-typ
e
 m
ice
,
 resp
ectiv
ely)
.
 
 
Th
e
 ED
H
F
-co
m
p
o
n
ent
 
of
 A
ch
-ind
u
ced
 
v
asodilatio
n
 
w
as
 
ab
rog
ated
 (<3%
 in
 
each
 
exp
erim
ental
 g
ro
up)
 in
 ap
oE/LD
LR
-/
-
 m
ice
 if
 K
Cl
 (30
 m
M
)
 w
as
 u
sed
 to
 p
reco
n
strict
 th
e
 
v
essels
 in
stead
 of
 ph
enyleph
rin
e
 o
r
 by
 th
e
 p
rein
cub
atio
n
 w
ith
 tetraethylam
m
o
niu
m
 chlo
rid
e
 
(TEA
,
 10
 m
M
)
,
 an
 antag
o
nist
 of
 C
a 2
+
-activ
ated
 K
+
 ch
an
n
els
 o
r
 m
ico
n
azole
 (M
ICO
,
 10
 µM
)
,
 a
 
selectiv
e
 inhibito
r
 of
 ep
o
xyeico
satrien
oic
 acid
 (EET)
 sy
nth
esis
.
 
 
 
Effects
 of
 ticlopidin
e
 o
n
 th
e
 p
rog
ressio
n
 of
 ath
ero
sclero
sis
 a
nd
 end
oth
elial
 fu
n
ctio
n
 
Th
e
 total
 ch
olesterol
 and
 trigly
cerid
es
 in
 6
-m
o
nth
-old
 ap
oE/LD
LR
−/
−
 m
ice
 treated
 w
ith
 
ticlopidin
e
 (90
 m
g/kg/d
ay)
 fo
r
 4
 m
o
nth
s
 w
ere
 sim
ilar
 to
 th
o
se
 in
 n
o
n
-treated
 co
u
nterp
arts
 
(total
 
ch
olesterol:
 
28
.9±1
.1
 
m
m
ol/l
 (n
=5)
 
v
s
.
 
26
.8±1
.3
 
m
m
ol/l
 (n
=5);
 
trigly
cerid
es:
 
1
.8±0
.1
 m
m
ol/l
 
v
s
.
 2
.01±0
.1
 
m
m
ol/l
 in
 th
e
 
n
o
n
-treated
 
and
 th
e
 ticlopidin
e
-treated
 g
ro
up
,
 
resp
ectiv
ely)
.
 
 
In
 ticlopidin
e
-treated
 
ap
oE/LD
LR
−/
−
 
m
ice
 th
e
 
ath
ero
sclerotic
 
area
 in
 th
e
 
ao
rtic
 
ro
ot
 
(cro
ss
 sectio
n
 an
aly
sis)
 w
as
 m
ark
edly
 dim
inish
ed
 as
 co
m
p
ared
 w
ith
 th
eir
 resp
ectiv
e
 co
ntrols
 
(5
.65±0
.39
 10
5
 
µ
m
2
 
v
s
.
 3
.08±0
.33
 10
5
 
µ
m
2
 in
 th
e
 
n
o
n
-treated
 
and
 th
e
 ticlopidin
e
-treated
 
g
ro
up
,
 resp
ectiv
ely
,
 p<0
.05)
.
 
 
Ticlopidin
e
-treatm
ent
 im
p
ro
v
ed
 th
e
 A
ch
-ind
u
ced
 end
oth
eliu
m
-d
ep
end
ent
 v
asodilatio
n
 in
 
th
e
 
th
o
racic
 
ao
rta
 fro
m
 6
-m
o
nth
-old
 
ap
oE/LD
LR
-/
-
 
m
ice
 (A
ch
 10
-5
 M
:
 93
.2±2
.1%)
 
as
 
co
m
p
ared
 to
 
n
o
n
-treated
 g
ro
up
 (A
ch
 10
-5
 M
:
 78
.86±2
.6%)
.
 Ticlopidin
e
 did
 
n
ot
 
m
odify
 
end
oth
eliu
m
-ind
ep
end
ent
 
relax
atio
n
 
and
 
b
asal
 
N
O
 
p
rod
u
ctio
n
,
 
b
ut
 
in
creased
 
th
e
 
ED
H
F
-co
m
p
o
n
ent
 of
 A
ch
-ind
u
ced
 relax
atio
n
 (A
ch
 10
-6
 M
:
 28
.9±6
.52%
 and
 5
.7±4
.8%
 fo
r
 
ticlopidin
e
 treated
 and
 n
o
n
-treated
 ap
oE/LD
LR
-/
-
 m
ice
,
 resp
ectiv
ely)
.
 
 4
.2
.
 H
ea
rt
 failu
re
 
 
D
evelop
m
ent
 of
 h
ea
rt
 failu
re
 after
 co
ro
n
a
ry
 lig
atio
n
 
 
Th
ere
 w
as
 n
o
 sig
nificant
 differen
ce
 in
 infarct
-size
 b
etw
een
 fem
ale
 and
 m
ale
 rats
 eith
er
 7
 
(32
.8±1
.4%
 and
 35
.8±2
.1%
 fo
r
 fem
ale
 and
 m
ale
 rats
,
 resp
ectiv
ely)
 o
r
 42
 d
ay
s
 (42
.5±2
.9%
 and
 
40
.7±3
.2%
 fo
r
 fem
ale
 and
 m
ale
 rats
,
 resp
ectiv
ely)
 after
 co
ro
n
ary
 lig
atio
n
.
 H
o
w
ev
er
,
 42
 d
ay
s
 
(3
.6±0
.3
 and
 2
.8±0
.1
 m
g/g
 fo
r
 fem
ale
 and
 m
ale
 rats
,
 resp
ectiv
ely)
 b
ut
 n
ot
 7
 d
ay
s
 (2
.8±0
.2
 and
 
2
.5±0
.1
 m
g/g
 fo
r
 fem
ale
 and
 m
ale
 rats
,
 resp
ectiv
ely)
 after
 th
e
 co
ro
n
ary
 artery
 lig
atio
n
 th
e
 
LV
/b
ody
 w
eight
 ratio
 w
as
 sig
nificantly
 in
creased
 as
 co
m
p
ared
 to
 sh
am
 anim
als
 (2
.8±0
.1
,
 
 
8
 
2
.5±0
.1
,
 2
.7±0
.1
 and
 2
.4±0
.1
 m
g/g
 fo
r
 7
 d
ay
s
 fem
ale
,
 7
 d
ay
s
 m
ale
,
 42
 d
ay
s
 fem
ale
 and
 
42
 d
ay
s
 m
ale
 sh
am
 rats
,
 resp
ectiv
ely)
.
 F
o
rty
 tw
o
 d
ay
s
 after
 co
ro
n
ary
 lig
atio
n
 th
e
 fractio
n
al
 
sh
o
rtening
 w
as
 red
u
ced
 to
 an
 eq
u
al
 extent
 in
 fem
ale
 and
 m
ale
 M
I
 h
earts
 (17
.2±1
.7%
 and
 
16
.8±6
.1%
 fo
r
 fem
ale
 
and
 
m
ale
 M
I
 
rats
,
 
resp
ectiv
ely)
 
as
 
co
m
p
ared
 
to
 
sh
am
 
anim
als
 
(35
.3±6
.9%
 and
 42
.6±3
.6%
 fo
r
 fem
ale
 and
 m
ale
 M
I
 rats
,
 resp
ectiv
ely)
.
 
 
 V
a
scula
r
 fu
n
ctio
n
 in
 th
e
 a
o
rta
 after
 co
ro
n
a
ry
 a
rtery
 lig
atio
n
 
Th
e
 
m
ag
nitud
e
 
of
 A
ch
-ind
u
ced
 
end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
 
w
as
 
n
ot
 different
 
b
etw
een
 M
I
 rats
 and
 sh
am
 op
erated
 anim
als
,
 irresp
ectiv
ely
 of
 th
e
 g
end
er
 of
 th
e
 anim
als
 and
 
th
e
 tim
e
 p
eriod
 after
 M
I
.
 S
ev
en
 d
ay
s
 after
 co
ro
n
ary
 lig
atio
n
 m
axim
al
 A
ch
-ind
u
ced
 relax
atio
n
 
(10
−5
 M
)
 in
 th
e
 ao
rta
 w
as:
 94
.07±2
.25%
,
 89
.14±2
.32%
,
 98
.27±1
.47%
 and
 96
.81±2
.88%
 fo
r
 
fem
ale
-M
I
,
 fem
ale
-sh
am
,
 m
ale
-M
I
 and
 m
ale
-sh
am
 resp
ectiv
ely
.
 A
fter
 42
 d
ay
s
 th
e
 m
axim
al
 
A
ch
-ind
u
ced
 
relax
atio
n
 (10
−5
 
M
)
 
w
as:
 96
.01±3
.22%
,
 92
.01±2
.23%
,
 99
.03±3
.36%
 
and
 
98
.28±3
.9%
 fo
r
 fem
ale
-M
I
,
 fem
ale
-sh
am
,
 m
ale
-M
I
 and
 m
ale
-sh
am
,
 resp
ectiv
ely
.
 
 
M
o
reo
v
er
,
 
th
e
 
end
oth
eliu
m
-ind
ep
end
ent
 
relax
atio
n
 ind
u
ced
 by
 N
aN
P
 
w
as
 
n
early
 
id
entical
 in
 M
I
 and
 sh
am
 op
erated
 rats
,
 irresp
ectiv
e
 of
 g
end
er
.
 Th
e
 m
ag
nitud
e
 of
 end
oth
eliu
m
-
ind
ep
end
ent
 relax
atio
n
 ind
u
ced
 by
 N
aN
P
 (10
−6
 M
)
 w
as
 n
ot
 different
 b
etw
een
 fem
ale
 and
 m
ale
 
M
I
 
g
ro
up
s
 
and
 
sh
am
 
op
erated
 
rats
 (42
 d
ay
s
 
after
 
co
ro
n
ary
 lig
atio
n
:
 101
.55±2
.71%
,
 
101
.44±2
.87%
,
 100
.97±4
.46%
 and
 105
.1±1
.8%
 fo
r
 fem
ale
-M
I
,
 fem
ale
-sh
am
,
 m
ale
-M
I
 and
 
m
ale
-sh
am
,
 resp
ectiv
ely)
.
 
 
B
asal
 N
O
 p
rod
u
ctio
n
 w
as
 sig
nificantly
 d
ecreased
 in
 b
oth
 fem
ale
 and
 m
ale
 M
I
 rats
 7
 
d
ay
s
 after
 co
ro
n
ary
 lig
atio
n
 (21
.76±
 2
.89%
,
 54
.32±5
.11%
,
 37
.61±4
.81%
 and
 51
.98±5
.05%
 fo
r
 
fem
ale
-M
I
,
 fem
ale
-sh
am
,
 
m
ale
-M
I
 
and
 
m
ale
-sh
am
,
 
resp
ectiv
ely)
.
 F
o
rty
 
tw
o
 d
ays
 
after
 
co
ro
n
ary
 lig
atio
n
 th
e
 atten
u
atio
n
 of
 b
asal
 N
O
 p
rod
u
ctio
n
 in
 M
I
 g
ro
up
 v
s
.
 sh
am
 g
ro
up
 w
as
 
p
resent
 in
 
m
ale
 (21
.42
±2
.6%
 
v
s
.
 33
.85±4
.1%
,
 
resp
ectiv
ely)
 b
ut
 
n
ot
 in
 fem
ale
 
anim
als
 
(24
.49±2
.78%
 v
s
.
 27
.01±2
.56%
,
 resp
ectiv
ely)
.
 
 
Th
e
 in
cub
atio
n
 of
 ao
rtic
 ring
s
 w
ith
 ind
o
m
eth
acin
 (1
 µM
)
 did
 n
ot
 m
odify
 th
e
 m
ag
nitud
e
 
of
 A
ch
-ind
u
ced
 relax
atio
n
.
 M
o
reo
v
er
,
 th
e
 b
asal
 PG
I2
 sy
nth
esis
 of
 ao
rtic
 ring
s
 did
 n
ot
 differ
 
sig
nificantly
 b
etw
een
 M
I
 and
 sh
am
 rats
 at
 eith
er
 7
 o
r
 42
 d
ay
s
 after
 co
ro
n
ary
 lig
atio
n
 (in
 
pg/m
g
:
 66
.28±
 13
.2
,
 101
.79±41
.9
,
 85
.43±34
.96
 and
 81
.5±24
.74
 fo
r
 fem
ale
-M
I
,
 fem
ale
-sh
am
,
 
m
ale
-M
I
 and
 m
ale
-sh
am
 42
 d
ay
s
 after
 M
I
,
 resp
ectiv
ely)
.
 
 
A
t
 th
e
 
early
 ph
ase
 
of
 p
o
st
-M
I
 p
eriod
 (7
 d
ay
s)
 th
e
 
m
ag
nitud
e
 
of
 ED
H
F
-d
ep
end
ent
 
relax
atio
n
 (as
 
assessed
 by
 A
ch
 in
 
th
e
 p
resen
ce
 
of
 ind
o
m
eth
acin
 
and
 L
-N
A
M
E)
 
w
as
 
sub
stantially
 up
-reg
ulated
 in
 b
oth
 fem
ale
 (36
.24
±5
.62%)
 and
 m
ale
 M
I
 rats
 (41
.8±5
.9%)
 as
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co
m
p
ared
 to
 resp
ectiv
e
 sh
am
 anim
als
 (8
.37±2
.43%
 and
 14
.91±4
.79%
 fo
r
 fem
ale
 and
 m
ale
 
rats
,
 resp
ectiv
ely)
.
 H
o
w
ev
er
,
 at
 th
e
 late
 ph
ase
 (42
 d
ay
s)
 th
e
 up
-reg
ulatio
n
 of
 ED
H
F
-m
ediated
 
relax
atio
n
 w
as
 seen
 o
nly
 in
 fem
ale
 M
I
 (25
.99±4
.02%)
 b
ut
 n
ot
 m
ale
 M
I
 rats
 (3
.79±1
.09%)
.
 
 
If
 K
Cl
 (60
 
m
M
)
 
w
as
 
u
sed
 to
 p
reco
n
strict
 th
e
 
v
essels
 in
stead
 
of
 ph
enyleph
rin
e
,
 th
e
 
ED
H
F
-m
ediated
 
relax
atio
n
 
w
as
 
ab
rog
ated
 in
 
all
 
exp
erim
ental
 g
ro
up
s
.
 F
u
rth
erm
o
re
,
 th
e
 
up
-reg
ulatio
n
 of
 ED
H
F
-p
ath
w
ay
 w
as
 co
m
pletely
 blo
ck
ed
 by
 p
retreatm
ent
 w
ith
 TEA
 (10
 m
M
)
 
o
r
 M
ICO
 (10
 µM
)
.
 
 
ű
 
4
.3
.
 D
iab
etes
 m
ellitu
s
 
 
D
evelop
m
ent
 of
 diab
etes
 after
 streptozoto
cin
 injectio
n
 
F
o
u
r
 w
eek
s
 after
 STZ
 injectio
n
,
 th
e
 plasm
a
 glu
co
se
 (216±16
.4
 m
g/dl)
 and
 H
bA
1
c
 lev
els
 
(2
.2±0
.4
 
%)
 
w
ere
 
sig
nificantly
 
elev
ated
 
as
 
co
m
p
ared
 
to
 
ag
e
-m
atch
ed
 
co
ntrols
 
(102
.1±13
.1
 m
g/dl
 
and
 1
.6±0
.3
 %)
.
 B
oth
 plasm
a
 glu
co
se
 (298
.8±22
.6
 
m
g/dl)
 
and
 H
bA
1
c
 
(3
.0±0
.2
 %)
 w
ere
 fu
rth
er
 in
creased
 8
 w
eek
s
 after
 th
e
 STZ
 injectio
n
.
 M
o
reo
v
er
,
 4
 and
 8
 w
eek
s
 
after
 th
e
 STZ
 injectio
n
 th
e
 v
olu
m
e
 of
 24
-h
o
u
r
 u
rin
e
 collectio
n
 w
as
 in
creased
 sig
nificantly
 in
 
diab
etic
 rats
 (27
.3±6
.0
 m
l
 and
 45
.6±8
.0
 m
l
 fo
r
 4
 and
 8
 w
eek
s
 diab
etes
,
 resp
ectiv
ely)
,
 w
hile
 
th
e
 b
ody
 w
eight
 w
as
 sig
nificantly
 d
ecreased
 (221
.9±51
.2
 g
 and
 226
.3±41
.6
 g
 fo
r
 4
 and
 8
 
w
eek
s
 diab
etes
,
 
resp
ectiv
ely)
 
as
 
co
m
p
ared
 to
 th
o
se
 
of
 th
e
 
co
ntrol
 
rats
 (8
.5±3
.1
 
m
l
 
and
 
10
.0±3
.6
 m
l
,
 319
.2±27
.3
 g
 and
 395
.7±19
.7
 g
 fo
r
 24
-h
o
u
r
 u
rin
e
 collectio
n
 and
 b
ody
 w
eight
 4
 
and
 8
 w
eek
s
 after
 v
ehicle
 injectio
n
,
 resp
ectiv
ely)
.
 
 
 V
a
scula
r
 fu
n
ctio
n
 in
 th
e
 a
o
rta
 in
 diab
etic
 rats
 
R
elax
atio
n
 cu
rv
es
 ind
u
ced
 by
 A
ch
 w
ere
 id
entical
 in
 4
 and
 8
 w
eek
s
 co
ntrol
 anim
als
 
(A
ch
 10
-6
 M
:
 71
.2±6
.1%
 and
 73
.1±7
.4%
 resp
ectiv
ely)
.
 In
 co
ntrast
,
 th
ere
 w
as
 an
 im
p
airm
ent
 of
 
A
ch
-ind
u
ced
 
end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
 8
 
w
eek
s
 
after
 STZ
-injectio
n
 (A
ch
 10
-6
 M
:
 
56
.7±7
.9%)
.
 
 
E
nd
oth
eliu
m
-ind
ep
end
ent
 
relax
atio
n
 
w
as
 
sig
nificantly
 
d
ecreased
 
at
 
a
 
lo
w
er
 
co
n
centratio
n
 rang
e
 of
 N
aN
P
 8
 w
eek
s
 after
 th
e
 STZ
-injectio
n
 (N
aN
P
 10
-8
 M
:
 35
.9±9
.3%
 and
 
76
.4±9
.2%
 fo
r
 diab
etic
 
and
 
co
ntrol
 
rats
,
 
resp
ectiv
ely)
.
 H
o
w
ev
er
,
 th
e
 
m
axim
al
 
resp
o
n
se
 
ind
u
ced
 by
 N
aN
P
 w
as
 sim
ilar
 in
 co
ntrol
 (N
aN
P
 10
-6
 M
:
 104
.7±2
.7%
 and
 104
.4±5
.5%
 fo
r
 4
 
and
 8
 w
eek
s
 co
ntrol
 rats
,
 resp
ectiv
ely)
 and
 in
 diab
etic
 rats
 (N
aN
P
 10
-6
 M
:
 104
.7±4
.2%
 and
 
103
.4±4
.8%
 fo
r
 4
 and
 8
 
w
eek
s
 diab
etic
 
rats
,
 
resp
ectiv
ely)
 irresp
ectiv
e
 of
 th
e
 
ag
e
 
of
 th
e
 
anim
als
.
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B
asal
 N
O
 p
rod
u
ctio
n
 w
as
 n
ot
 different
 b
etw
een
 co
ntrol
 (30
.4±5
.3%
 and
 29
.2±5
.7%
 fo
r
 
4
 and
 8
 w
eek
s
 co
ntrol
 rats
,
 resp
ectiv
ely)
 and
 diab
etic
 rats
 (31
.4±7%
 and
 31
.1±10
.7%
 fo
r
 
4
 and
 8
 w
eek
s
 diab
etic
 rats
,
 resp
ectiv
ely)
.
 
 
Ind
o
m
eth
acin
 (2
 µM
)
 alo
n
e
 did
 n
ot
 m
odify
 th
e
 m
ag
nitud
e
 of
 end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
 ind
u
ced
 by
 A
ch
 in
 eith
er
 co
ntrol
 o
r
 diab
etic
 rats
.
 Th
e
 b
asal
 p
rod
u
ctio
n
 of
 th
e
 total
 
am
o
u
nt
 
of
 
v
asodilato
r
 CO
X
 
m
etab
olites
 (6
-k
eto
-PG
F
1
α
,
 PG
E
2
,
 PG
D
2
 
and
 12
-H
H
T)
 
w
as
 
sig
nificantly
 high
er
 in
 diab
etic
 
ao
rta
 (9
.52±1
.5
 
×
 10
3
 dp
m)
,
 
as
 
co
m
p
ared
 
w
ith
 
co
ntrols
 
(5
.51±0
.5
 
×
 10
3
 
 dp
m)
.
 Ind
eed
,
 th
e
 
activity
 
of
 6
-k
eto
-PG
F
1
α
 (4
.64±0
.9
 
×
 10
3
 dp
m)
 
and
 
12
-H
H
T
 (2
.34±0
.4
 ×
 10
3
 dp
m)
 w
ere
 sig
nificantly
 in
creased
 8
 w
eek
s
 after
 th
e
 STZ
-injectio
n
 in
 
th
e
 
ao
rta
 
w
h
en
 
co
m
p
ared
 
to
 
th
e
 
co
rresp
o
nding
 
co
ntrols
 (2
.23±0
.4
 
×
 
10
3
 
dp
m
 
and
 
1
.33±0
.2
 ×
 10
3
 dp
m
 fo
r
 6
-k
eto
-PG
F
1
α
 and
 12
-H
H
T
,
 resp
ectiv
ely)
.
 F
u
rth
erm
o
re
,
 th
e
 sy
nth
esis
 
of
 v
aso
co
n
stricto
r
 and
 platelet
 agg
reg
ato
r
 T
xA
2
 w
as
 sig
nificantly
 in
creased
 in
 diab
etic
 ao
rta
 
(1
.33±0
.1
×
 10
3
 dp
m
 and
 0
.87±0
.05
 ×
 10
3
 dp
m
 fo
r
 diab
etic
 and
 co
ntrol
 rats
,
 resp
ectiv
ely)
.
 
 
Th
e
 co
m
bin
ed
 p
rein
cub
atio
n
 of
 ao
rtic
 ring
s
 w
ith
 L
-N
A
M
E
 and
 ind
o
m
eth
acin
 alm
o
st
 
co
m
pletely
 blo
ck
ed
 th
e
 A
ch
-ind
u
ced
 v
asodilatio
n
 in
 all
 exp
erim
ental
 g
ro
up
s
 (<
 3
 %
 b
oth
 in
 
diab
etic
 and
 co
ntrol
 rats
,
 resp
ectiv
ely)
.
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.
 D
iscu
ssio
n
 
 
T
aking
 th
e
 
results
 
of
 th
e
 p
resent
 
w
o
rk
 
altog
eth
er
,
 th
e
 
co
m
p
reh
en
siv
e
 
an
aly
sis
 
of
 
end
oth
elial
 dy
sfu
n
ctio
n
 en
co
m
p
assing
 N
O
,
 PG
I2
 and
 ED
H
F
 rev
ealed
 im
p
o
rtant
 differen
ces
 in
 
th
e
 ph
en
otyp
e
 
of
 
end
oth
elial
 dy
sfu
n
ctio
n
 in
 
ath
ero
sclero
sis
,
 h
eart
 failu
re
 
and
 diab
etes
 
m
ellitu
s
.
 In
 all
 of
 th
ese
 th
ree
 diseases
 th
ere
 w
as
 a
 d
ecrease
 in
 N
O
-m
ediated
 v
asodilatio
n
 in
 
ao
rta
,
 h
o
w
ev
er
 th
e
 ph
en
otyp
e
 
of
 d
ecreased
 N
O
-d
ep
end
ent
 fu
n
ctio
n
 
w
as
 q
uiet
 different
.
 
Ind
eed
,
 
th
e
 
im
p
airm
ent
 
of
 
end
oth
eliu
m
-d
ep
end
ent
 
and
 
-ind
ep
end
ent
 
relax
atio
n
 
w
as
 
d
em
o
n
strated
 in
 
ath
ero
sclero
sis
 
and
 diab
etes
 
m
ellitu
s
 b
ut
 
n
ot
 in
 h
eart
 failu
re
,
 
w
hile
 th
e
 
d
ecrease
 in
 b
asal
 N
O
 p
rod
u
ctio
n
 w
as
 sh
o
w
n
 in
 ath
ero
sclero
sis
 and
 h
eart
 failu
re
 b
ut
 n
ot
 in
 
diab
etes
 
m
ellitu
s
.
 S
u
rp
risingly
,
 th
e
 
acco
m
p
anying
 
ch
ang
es
 in
 b
asal
 PG
I2
 p
rod
u
ctio
n
 
and
 
ED
H
F
-m
ediated
 relax
atio
n
 w
ere
 also
 n
ot
 sim
ilar
.
 In
 ap
oE/LD
LR
-/
-
 m
ice
 th
ere
 w
as
 a
 striking
 
up
-reg
ulatio
n
 of
 PG
I2
 and
 ED
H
F
 alo
ng
 th
e
 p
rog
ressio
n
 of
 ath
ero
sclero
sis
.
 In
 diab
etes
 m
ellitu
s
 
o
nly
 a
 slight
 co
m
p
en
sato
ry
 up
-reg
ulatio
n
 of
 PG
I2
 w
as
 visible
 w
ith
 n
o
 up
-reg
ulatio
n
 of
 ED
H
F
.
 
In
 h
eart
 failu
re
 th
ere
 w
as
 n
o
 up
-reg
ulatio
n
 of
 b
asal
 PG
I2
 p
rod
u
ctio
n
,
 w
hile
 an
 up
-reg
ulatio
n
 of
 
ED
H
F
 w
as
 d
em
o
n
strated
 th
at
 w
as
 tran
sient
 in
 m
ales
 and
 lo
ng
-lasting
 in
 fem
ales
.
 O
n
 th
e
 b
asis
 
of
 
o
u
r
 
ph
arm
acological
 
an
aly
sis
 
w
e
 
sugg
est
 
th
at
 
a
 
cyto
ch
ro
m
e
 
P
-450
 
m
etab
olite
 
of
 
arachid
o
nic
 acid
,
 m
o
st
 lik
ely
 an
 EET
 is
 up
-reg
ulated
 in
 ath
ero
sclero
sis
 and
 h
eart
 failu
re
.
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Th
e
 results
 of
 th
e
 p
resent
 study
 indicate
 th
at
 up
-reg
ulatio
n
 of
 ED
H
F
-m
ediated
 relax
atio
n
 
and
 b
asal
 PG
I2
 p
rod
u
ctio
n
 in
 
ao
rta
 
m
ay
 
co
m
p
en
sate
 fo
r
 
th
e
 d
ecreased
 N
O
-d
ep
end
ent
 
relax
atio
n
 in
 fem
ale
 
ap
oE/LD
LR
-/
-
 
m
ice
.
 O
u
r
 
results
 fu
rth
erm
o
re
 
sugg
est
 th
at
 in
creased
 
ED
H
F
 
activity
 is
 
n
ot
 
sufficient
 to
 p
reserv
e
 
n
o
rm
al
 
end
oth
eliu
m
-d
ep
end
ent
 
relax
atio
n
 in
 
ath
ero
sclero
sis
,
 th
erefo
re
 it
 is
 lik
ely
 th
at
 co
m
p
en
sato
ry
 up
-reg
ulatio
n
 of
 ED
H
F
 op
erates
 in
 
co
nju
n
ctio
n
 
w
ith
 
N
O
 
rath
er
 
th
an
 
in
 
stead
.
 
A
fter
 
co
ro
n
ary
 
lig
atio
n
 
th
e
 
lo
ng
-lasting
 
up
-reg
ulatio
n
 of
 ED
H
F
 in
 fem
ales
 m
ay
 play
 an
 im
p
o
rtant
 role
 in
 m
aintaining
 end
oth
elial
 
fu
n
ctio
n
 and
 m
ay
 serv
e
 as
 a
 p
o
ssible
 explan
atio
n
 fo
r
 th
e
 su
rviv
al
 ad
v
antag
e
 of
 fem
ale
 p
atients
 
w
ith
 h
eart
 failu
re
 as
 co
m
p
ared
 to
 m
ales
 rep
o
rted
 in
 clinical
 trials
.
 F
u
rth
erm
o
re
,
 th
e
 lack
 of
 
sig
nificant
 up
-reg
ulatio
n
 of
 ED
H
F
 m
ay
 explain
 w
hy
 diab
etes
 is
 asso
ciated
 w
ith
 m
u
ch
 high
er
 
cardio
v
ascular
 ev
ent
 rate
 th
an
 oth
er
 diseases
 w
ith
 end
oth
elial
 dy
sfu
n
ctio
n
.
 
 
D
ata
 p
resented
 in
 th
e
 p
resent
 w
o
rk
 also
 sugg
est
 th
at
 ph
arm
acology
 of
 end
oth
eliu
m
 in
 
ath
ero
sclero
sis
,
 h
eart
 failu
re
 
and
 diab
etes
 
m
ellitu
s
 
co
uld
 p
erh
ap
s
 b
e
 tailo
red
 differently
.
 
A
ug
m
entatio
n
 o
r
 p
otentiatio
n
 of
 ED
H
F
-d
ep
end
ent
 m
ech
anism
s
 fo
r
 ex
am
ple
 by
 ticlopidin
e
 
co
uld
 b
e
 efficient
 in
 resto
ring
 v
ascular
 h
o
m
eo
stasis
 in
 ath
ero
sclero
sis
 b
ut
 n
ot
 in
 diab
etes
.
 In
 
tu
rn
,
 th
e
 stim
ulatio
n
 of
 PG
I2
-d
ep
end
ent
 
m
ech
anism
 co
uld
 b
e
 an
 efficient
 
w
ay
 to
 
rev
erse
 
end
oth
elial
 dy
sfu
n
ctio
n
 as
 w
ell
 as
 to
 inhibit
 th
ro
m
b
otic
 and
 inflam
m
ato
ry
 p
ro
cesses
 in
 th
e
 
cardio
v
ascular
 sy
stem
 in
 ath
ero
sclero
sis
,
 b
ut
 n
ot
 in
 h
eart
 failu
re
.
 In
 th
e
 p
resent
 w
o
rk
 it
 w
as
 
sh
o
w
n
 th
at
 
anti
-platelet
 ticlopidin
e
 
stim
ulated
 ED
H
F
-m
ediated
 
v
asodilatio
n
 
and
 
resto
red
 
end
oth
eliu
m
-d
ep
end
ent
 relax
atio
n
.
 H
o
w
ev
er
,
 it
 rem
ain
s
 to
 b
e
 establish
ed
 h
o
w
 im
p
o
rtant
 is
 th
e
 
ED
H
F
-m
ediated
 m
ech
anism
 to
 th
e
 anti
-ath
ero
sclerotic
 effect
 of
 ticlopidin
e
.
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